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Abstract: Τhe impact of decorated dislocations on the effective thermal conductivity of GaN 
is investigated by means of equilibrium molecular dynamics simulations via the Green-Kubo 
approach. The formation of “nanowires” by a few atoms of In in the core of dislocations in 
wurtzite GaN is found to affect the thermal properties of the material, as it leads to a signifi-
cant decrease of the thermal conductivity, along with an enhancement of its anisotropic char-
acter. The thermal conductivity of In-decorated dislocations is compared to the ones of pris-
tine GaN, InN, and a random and an ordered InxGa1-xN alloy, to examine the impact of dop-
ing. Results are explained by the stress maps, the bonding properties and the phonon density 
of states of the aforementioned systems. The decorated dislocations engineering is a novel 
way to tune, among other transport properties, the effective thermal conductivity of materials 
at the nanoscale, which can lead to the manufacturing of interesting candidates for thermoe-
lectric or anisotropic thermal dissipation devices. 
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Introduction  
GaN has been established as a material of choice among III-V semiconductors for light 
emitting diodes (LEDs), laser diodes (LD), high – power high – frequency transistors, photo-
voltaic and piezoelectric devices [1, 2, 3]. The modification of its emission and absorption 
properties can be achieved by alloying with In [4, 5, 6], with significant recent advances re-
ported also in the field of thermoelectric (TE) applications [7]. However, in both GaN and 
InxGa1-xN c-plane heteroepitaxially grown layers, a high number of threading dislocations 
(TDs) has been observed [8, 9, 10, 11]. The presence of TDs in these nitride – based materials 
crucially affect their electronic properties [12, 13] and thus device efficiency [14, 15] as they 
act as nonradiative carrier recombination centers [16], while high density of dislocations re-
lates with reduced lifetimes in optoelectronic devices [17] and more recently, reduction of 
thermal conductivity in established TE nanostructured materials [18]. The latter effect will be 
discussed in detail in the following sections. 
Dislocations in general are known to have an impact on the thermal properties of a mate-
rial, as they induce thermal resistivity due to elastic phonon scattering [19, 20, 21, 22]. In par-
ticular, the very high density of dislocations observed in III-nitride based devices [8] is found 
to strongly influence their performance and thermal transport behavior [23, 24, 25, 26], induc-
ing high thermal transport anisotropy [27]. In GaN, the behavior of thermal conductivity, k, is 
characterized by two regimes, depending on the density of dislocations [24, 25, 26, 19, 28]; 
thermal conductivity is independent of the density of dislocations in the low-density regime, 
while it presents a logarithmic dependence on the high density regime. The threshold for the 
density of dislocations between these two regimes is reported to be at 107 cm-2, based on ex-
perimental measurements [24] and 1010 - 1011 cm-2 from computational studies [25, 26, 28]. 
Furthermore, the presence of dislocations in wurtzite bulk GaN is associated to a suppression 
of the TA modes, resulting thus to a reduction of k [28]. It should be noted that, although the 
majority of the threading dislocations in wurtzite GaN are of the edge type, the most crucial 
dislocations either for the optoelectronic or the thermal properties of the devices are screw 
ones [19, 29], as they are found to yield a twofold decrease of k compared to their edge coun-
terparts [19].  
Although dislocations are regarded mainly as undesired side effects in nanostructured sem-
iconductors, their manipulation can lead to interesting morphological exploits for the modifi-
cation of materials properties at the nanoscale. As dislocations are one-dimensional structures 
similar to nanowires (NWs), they introduce a transversal translational discontinuity, which 
implies a long-range strain field attracting impurities and consequently, modifying the stoi-
chiometry in their vicinity and thus the overall electronic structure and the thermal behavior 
of the material. This so-called “dislocation technology” scheme has been established almost 
ten years ago, and it is based on the decoration of dislocation cores by specific species acting 
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as impurities and results in formation of unidirectional functional NWs inside bulk materials 
[30]. “Dislocation technology” is highly promising, especially in materials with high disloca-
tion density and it is expected to attribute distinct properties in commonly used materials [31, 
32]. In III-N semiconductors the density of TDs is quite high, and the construction of conduc-
tive NWs by concentrating metallic atoms along the threading dislocations of GaN [33] and 
the almost insulator AlN [34, 35, 36] has been already verified. In InxGa1-xN alloys, as In at-
oms are larger than Ga ones, they are found to segregate to the tensile region of the strain 
field of dislocations [37]. In particular, it has been proven that the energetically most favora-
ble configuration for In atoms, assuming they are mobile enough during growth, is to bind to 
cores of c-type screw dislocations, forming an In–rich region rather than the equivalent 
InxGa1-xN core [38, 39, 40]. The presence of In atoms in the core of c-screw dislocations in 
GaN is also found to further stabilize the core configuration [40]. However, there is a noticea-
ble lack of studies addressing the thermal properties of such nanostructures in semiconductors 
and the influence of the decoration on k in particular.  
The understanding and manipulation of the above effects is important for the optimization 
and development of numerous novel III-nitride based applications. As the characteristic 
length scale of nanostructured devices is continuously decreasing, detailed understanding and 
manipulation of the heat flow mechanisms at the nanoscale is crucial [41]. Furthermore, struc-
tural asymmetries and nonlinear lattice structures are desired for thermal diodes and transis-
tors [42, 43], while anisotropic heat flux can be exploited for devices such as thermal cloaks 
[44]. Another interesting field of applications is thermoelectricity, a phenomenon which ena-
bles the conversion of heat into electric energy via the Seebeck effect. The development of 
TE materials is of great importance due to their use in renewable energy applications and 
waste heat recovery in home appliances, industry, transport and extreme environments, such 
as space [45, 46]. An efficient TE material exhibits high Seebeck coefficient, high electrical 
conductivity and low thermal conductivity. One approach for increasing the figure of merit 
(zT), a measurement of thermoelectric performance of the material, is by minimizing k. There 
are numerous works in the literature towards this direction, with the more recent ones involv-
ing the reduction of thermal conductivity by phonon scattering at dense dislocations [47, 48, 
49] and particularly of the screw type [18]. High performance TE materials currently include 
Bi2Te3 based superstructures, SiGe, skudderudites, half-Heusler, Zintl phase and clathrate 
alloys [50]. III-nitrides are promising candidates as high temperature TE materials, as they 
exhibit properties such as wide bandgap, mechanical robustness and chemical stability at high 
temperatures [51]. In particular, the use of GaN for this purpose has been proven viable [52, 
53] and it was demonstrated in experimental applications such the integration of n-type thin 
film GaN based thermoelectric micro power generator device suitable for on-chip integration 
[54]. Moreover, Pantha et al [55] has reported a zT of 0.23 at 450K for InGaN films at 36% 
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In composition, which is comparable to the performance of SiGe alloys at the same tempera-
ture. Sztein et al [56] reported values of zT=0.04 at room temperature with a maximum value 
of 0.34 at 875K for n-type InGaN films at 17% In composition, while Kucukgok et al [57] 
reported a zT of 0.072 at room temperature at 20% In content. Similar results were also re-
cently reported for InGaN/GaN heterostructured films by Surender et al [58]. These later 
works demonstrated the improved TE performance of InGaN compared to GaN, as the alloy-
ing with In was found to reduce k due to mass disorder and local strain field scattering with-
out negative impact on the electrical conductivity and Seebeck coefficient. Phonon scattering 
by nanometer-scale compositional inhomogeneities was also demonstrated as a mechanism 
for the reduction of k in InGaN alloys for Ga-rich and In-rich compositions [59]. More recent-
ly, a record value of zT=0.86 at room temperature was achieved for In0.32Ga0.68N on ZnO sub-
strate by Feng et al [7], due to the further enhancement of electrical conductivity by oxygen 
co-doping besides the reduction of k due to alloy scattering.  
Regarding the field of theoretical predictions of thermal transport properties in the na-
noscale, descriptions of Dislocation – Phonon Interactions (DPI) were firstly attempted five 
decades ago by by Klemens and Carruthers with the static strain field DPI models based on 
nonlinear elasticity theory [60, 61]. However, these models were proved to be problematic, as 
they deviated from universally experimental data [62, 63]. An explanation for this discrepan-
cy was that the validity of the perturbations analysis and the Born approximation due to the 
long range nature of the dislocation strain field [63]. Dynamic scattering DPI models describe 
a mechanism also referred to as “fluttering”, which was a later advancement in the static DPI 
theory and according to which, a dislocation absorbs an incident phonon, vibrates and subse-
quently re-emits a phonon [62, 64, 65]. Recent advances towards a unified description of DPI 
are based on phonon renormalization, with a model that treats the DPI in the framework of 
quantum field theory and dislocations as quantized fields, named “dislons” [63, 66]. Ab initio 
methods have been proven successful for the prediction of thermal transport [23, 67, 68, 69, 
70], although very few of them address the effect of dislocations [23, 68], due to the large 
volume of the supercells required for the modeling of these defects. Molecular Dynamics 
(MD) simulations, on the other hand, are an established technique for this task due to their 
applicability for upscaling [71, 72], which has already yielded successful results for bulk and 
nanostructured materials in the family of III-nitrides [19, 73, 74, 75]. 
The present study aims to give insights on the impact of the formation of In–rich screw 
dislocation cores on the thermal properties of InGaN alloys at the high dislocation density 
regime, by using classical Equilibrium Molecular Dynamics (EMD) atomistic simulations. 
First, the computational procedure that was implemented and the case studies under consider-
ation will be presented in detail, followed by an analysis of the stress fields, the dependence 
of k on the dislocations density and the phonon density of states for each system. These re-
5 
 
sults aim towards a better understanding of the combined effect of phonon scattering in dislo-
cations and mass disorder in wurtzite GaN and InGaN alloy to the effective thermal properties 
of these materials, leading potentially to the optimization and the design of novel InGaN 
based devices. 
 
Computational Details 
Calculations were performed on parallelepiped volumes containing approximately 19200 
atoms each. Four screw TDs with single 6 atom ring core configurations [76, 77, 78] with 
their lines along the [0001] direction and alternating signs were constructed. This manner was 
chosen as it facilitates the mutual annihilation between dislocation pairs and prevents core 
destabilization while applying periodic boundary conditions on the simulation box due to the 
asymmetric morphology of the strain field associated with this particular type of dislocations. 
The modelling of the dislocations was achieved by the imposition of a displacement field of 
screw dislocations, as described by the theory of linear elasticity [79]: 
arctan
2
z
b y
u
x
   (1) 
expressed in a Cartesian orthonormal coordinate system with z lying along the dislocation 
line, on the perfect wurtzite GaN crystal. b stands for the magnitude of the Burgers vector 
where b=c=5.28Å. The origin of the displacement field was chosen according to the method-
ology implemented by Termentzidis et al [19] and corresponds to a dislocations’ density of 
1011cm-2, close to the computational threshold between the high and the low density regime. 
For the aforementioned structure, three separated cases were investigated, where Ga atoms 
were substituted by In ones on the center of the dislocation core and on its first and second 
neighbors, respectively. These cases correspond to total In concentration levels of 2.5%, 5% 
and 10% on the supercells, or expressed via the stoichiometric formula, InxGa1-xN, with 
x=0.025, 0.05 and 0.1, respectively.  
To isolate the impact of the In–decorated screw dislocations on k, further calculations 
were performed in pristine bulk InN, GaN and InxGa1-xN alloy supercells, modelled as paral-
lelepiped volumes containing approximately 11000 atoms. Regarding the InxGa1-xN alloy, two 
cases where considered. The first one involves calculations on pristine, bulk systems with the 
same In concentration, x, with the configurations containing the decorated dislocations. In this 
case, the desired In concentration on each subcase was achieved by replacing Ga atoms with 
In ones in a random manner, thus resulting to a random alloy. On the second case, calcula-
tions where performed with higher In concentration levels (x=0.0625, 0.125, 0.1875 and 
0.25). In these subcases, the desired In compositions where achieved by the replacement of 
Ga atoms by In ones only on the energetically preferable lattice sites, based on the work of 
Pavloudis et al. [80], thus resulting to a kind of ordered alloy. In all of the above cases, lattice 
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constants of pristine wurtzite GaN were rescaled for the accommodation of the In-induced 
stress. 
 
Figure 1: Supercells containing four In-decorated screw dislocations each, with a total In content of x=0.025 
(a), (b), 0.05 (c), (d) and 0.1 (e), (f). View along <0001> (a), (c), (e) and from a 3D perspective (b), (d), (f). In 
atoms are represented as yellow, Ga atoms as blue and N atoms as red. 
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Figure 2: Supercells of 16 atoms used by Pavloudis et al. [80] for the investigation of the energetically pref-
erable lattice sites for the replacement of Ga atoms by In, resulting to an ordered InxGa1-xN (x=0.0625, 
0.125, 0.1875 and 0.25) alloy. The energetically favorable configuration was found for the case of x=0.25. In 
atoms are represented as yellow, Ga atoms as blue and N atoms as red. 
In molecular dynamics simulations of III-N dislocations, a variety of interatomic potentials 
have been used, e.g. [81, 82, 83]. However, the most popular ones are the Tersoff [84] and 
Stillinger -Weber (SW) [85] based potentials. However, the SW potential owing to its simple 
mathematical formulation has been established as the most suitable for computationally and 
timely expensive large-scale calculations [86]. For instance, on a recent study, the thermal 
properties of the edge and screw dislocations in GaN have been elucidated by using the SW 
interatomic potential [19].  
For the calculation of the thermal conductivity, EMD simulations were performed by us-
ing LAMMPS [87], with a modified Stillinger Weber interatomic potential [88] and the 
Green-Kubo approach. In the latter approach, heat flux fluctuations in equilibrium are con-
nected to thermal conductivity via the fluctuation-dissipation theorem: 
2 0
J( ) J(0)

 z
B
V
t dt
k T
   (2) 
where V is the volume of the system, T is the equilibrium temperature and kB is the Boltz-
mann constant. J  is the equilibrium heat flux vector, calculated via:  
  1 1
2 
 
    
 
 i i ij i j
i i j
J E v F v v
V
   (3) 
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where  21
2
 i i ijiE m v  is the energy of each atom, φij is the interatomic potential, 
ijF  is the interatomic force vector between atoms i and j and iv  is the velocity vector of atom 
i (see also Khadem et al [72]). The time step used for the calculation of the correlations in the 
microscopic heat flux is 2 ps, while the correlation data for the preceding samples are com-
puted for 40 ps. The timestep of the total simulation was set to 0.5 fs. The full computational 
process for the EMD calculation involved thermalisation of the system as an NVT ensemble 
at 300 K for 200 ps, equilibration as NVE for 2 ns and then averaging for 4–5 ns to ensure the 
convergence of the integral part of Eq. (3), known as the Heat Auto-Correlation Function 
(HCAF). Simulations were performed using 10 different seeds of initial velocity for the simu-
lated particles to reduce statistical error. 
Stress fields were also calculated by LAMMPS via the following formula [89]: 
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Eq. (4) yields the value of the stress tensor for a given atom in units of pressure times volume. 
For the estimation of the total pressure per atom, each value was divided by the volume of the 
primitive cell. Indices a,b take values x,y,z, as Sab is a symmetric tensor with 6 components. 
The first term of Eq. (4) is the kinetic energy contribution for the given atom, where m is the 
mass and u the velocity of each atom. This term is equal to zero in the present case. The sec-
ond term is a pairwise energy contribution, were Np is the number of neighbors for the given 
atom, r1,2 are the positions and F1,2 the forces applied on each atom of the pair. Third, fourth 
and fifth terms arise from angular (Na), dihedral (Nd) and improper interactions (Ni) that the 
given atom is part of. 
 
Results and Discussion 
The effective k of In-decorated dislocations compared to the random InxGa1-xN alloy with 
the same In content, as a function of In content, is depicted in Figure 3. Furthermore, Table I 
presents the results for the same system sizes of pristine bulk InN and GaN with the same 
simulation setup to help the discussion. Bulk GaN exhibits a significantly high thermal con-
ductivity compared to bulk InN, fact that can be associated to the length and the strength of 
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the Ga-N bond, which is shorter and stronger compared to the In-N one (Table II). Further-
more, In is a heavier element than Ga, and in general compounds comprised of light elements 
are linked to high values of k [90]. The reduction of k due to the presence of In–decorated 
screw dislocations compared to the values for pristine bulk GaN and InN is substantial. 
Thermal conductivity of random InxGa1-xN alloys for the same In concentration, x, with the 
cases of In-decorated screw dislocations in GaN was found to be even lower. Results for the 
InxGa1-xN alloy are in good agreement with other theoretical predictions [91] and experi-
mental data at 300K [56]. For smaller In concentration levels, the formation of In-decorated 
dislocations leads to a twofold increase of k compared to the respective values for the random 
alloy. This effect seems also to be more pronounced for lower In concentration levels. How-
ever, for In composition close to x=0.1, In-decorated dislocations are hindering thermal con-
ductivity further than the pristine bulk random alloy with the same In composition. 
 
Table I: Values of k for pristine InN and GaN. 
k component 
(Wm-1k-1) 
InN GaN 
in - plane 55.25 142 
c - axis 58 160 
effective 56.625 151 
 
Table II: Crystallographic parameters for InN and GaN as calculated with the modified SW potential [88]. 
 Modified SW potential [88] Experimental / ab initio 
 InN GaN InN GaN 
Bond length (Å) 2.254 1.954 2.156 [92] 2.06 [93] 
a(Å) 3.681 3.190 3.538 [94] 3.189 [95] 
c/a 1.633 1.633 1.612 [94] 1.626 [95] 
Binding energy (eV) −7.976 -8.682 - - 
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Figure 3: Effective k for the case of In-decorated screw dislocations in bulk GaN (black) for x=0, 0.025, 0.05 
and 0.1, and pristine InxGa1-xN random alloy (red) for x=0.025, 0.05 and 0.1, along with the values of effec-
tive k for pristine GaN (blue dash dotted) and InN (green dashed) for comparison. 
 
In Figure 4a, results of directional k calculations are presented for the first case which cor-
responds to the In-decorated screw dislocations. In–plane refers to (0001) and c axis to 
<0001>. The anisotropic character of k is evident and more pronounced for In concentration 
levels of up to approximately x=0.05, while tending to be eliminated for higher In concentra-
tion levels. In Figure 4b, the directional behavior of k is presented for the case of random 
InxGa1-xN alloys. k appears to be less anisotropic compared to the In-decorated screw disloca-
tions on bulk GaN, as shown on the previous case, with the anisotropy tending to be com-
pletely eliminated for In concentration levels close to x=0.05. Ιn Figure 4c, the behavior of 
the k is demonstrated for the case of ordered InxGa1-xN, modeled via the substitution of Ga 
atoms with In ones in the energetically preferable sites on pristine bulk GaN, for In concentra-
tion levels up to x=0.1875. k appears to be relatively isotropic, too, compared to the case of 
In-decorated screw dislocations on bulk GaN, with a monotonous decrease for In concentra-
tion levels up to x=0.1875. By combining these values with the results presented in Figures 3 
and 4a, b and c, the impact of In-decorated screw dislocations and In doping on pristine GaN 
on thermal conductivity is highlighted, as they appear to lead to a significant reduction of 
both in-plane and c axis components of thermal conductivity in all cases, compared to the bi-
nary compounds. This result is consistent with recent similar studies, showing evidence that 
ordering is associated with higher values of thermal conductivity in alloys [96]. 
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Figure 4: (a): In–plane (black) and c axis (red) components of k along with the respective values of effective 
k (blue), for the case of In-decorated screw dislocations in bulk GaN for x=0.025, 0.05 and 0.1. (b): In–plane 
(black) and c axis (red) components of the k of pristine InxGa1-xN random alloy for x=0.025, 0.05 and 0.1, 
along with the values of in-plane (blue dashed) and c axis (green dash dotted) components of k in pristine 
bulk InN for reference. The respective values for pristine GaN are 142 Wm-1k-1 and 160 Wm-1k-1. (c): In – 
plane (black) and c-axis (red) components of k of ordered pristine InxGa1-xN alloy, for x up to 0.1875, along 
with the values of in-plane (blue dashed) and c axis (green dash dotted) components of k in pristine bulk 
InN for reference. The respective values for pristine bulk GaN are 142 and 160 Wm-1k-1. The desired In 
concentration in the pristine ordered compounds was achieved by replacing Ga atoms with In ones in bulk 
wurtzite GaN on the energetically favorable lattice sites [80]. 
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From Figure 5 it is evident, due to the morphology of the stress field associated to the In-
decorated screw dislocations, as calculated via Eq. (4) that In content higher than x=0.05, ful-
ly segregated on the dislocation core leads to high stress on the bulk which cannot be properly 
accommodated, effect that is being furthermore amplified by the interaction between the op-
posite sign dislocations. The later effect is inevitable at the given dislocation density and was 
still observed after strict stress relaxation of the supercells. The Szz component can be attribut-
ed to both the influence of the screw dislocation and the In atoms, while the in-plane compo-
nents (Sxx, Syy) are only due to mass disorder from the presence of In atoms, since screw dis-
locations do not affect in-plane components [79]. This observed lack of stress accommodation 
can be explained by the greater length of the In-N bond compared to the Ga-N. It is also con-
sistent with previous studies, reporting a partial release of the bond length deformation, but a 
significant bond angle deformation for In atoms close to the dislocation cores [40]. This effect 
can be also linked to the decreasing anisotropy between in-plane and c axis components of 
thermal conductivity for the same system, with increasing In content greater than x=0.05, as 
presented on Figure 4a. Tensile strain has been previously linked to a continuous decrease of 
k in silicon and diamond nanostructures [97], therefore the increase of the volume of regions 
under tensile stress with increasing of In content can be associated with the decrease of effec-
tive k in Figure 4a. 
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Figure 5: xx (a), (b), (c), yy (d), (e), (f) and zz (g), (h), (i) components of the stress tensor for conductivity for 
the case of In-decorated screw dislocations in bulk GaN for x=0.025 (a), (d), (g), 0.05 (b), (e), (h) and 0.1 (c), 
(f), (i). x component corresponds to [-1010], y to [-12-10] and z to [0001] crystallographic directions, respec-
tively. 
In Figure 6, the calculated values of k for the cases of In-decorated dislocations in bulk 
GaN, pristine random InxGa1-xN and pristine ordered InxGa1-xN are plotted as a function of the 
normalized density, ρnormalized, defined as: 
 
(1 )
normalized
InN GaNx x


 

 
  (5) 
where ρ is the respective density of each structure, x is the In content and ρInN, ρGaN, are the 
densities of InN and GaN, respectively. The density of each structure is calculated by the total 
mass divided by the volume of each supercell. k appears to have a monotonous dependence 
on ρnormalized in all three cases. For the cases of In-decorated screw dislocations in bulk GaN 
and pristine InxGa1-xN random alloys, k is increasing monotonously with increasing ρnormalized, 
with a steeper increase for the case of In-decorated dislocations. On the other hand, the in-
verse effect is observed for the pristine ordered InxGa1-xN alloys, as k is decreasing monoto-
nously with increasing ρnormalized. This change in the form of the dependence between the three 
cases demonstrates the combined impact of ordering and mass on k. The steeper increase of k 
in Figure 6a compared to Figure 6b can be attributed to the stronger impact of mass in defect-
ed structures, while ordering seems to lead to an inverse effect, with k being decreased linear-
ly with increasing ρnormalized. These results are consistent with previous studies, as the depend-
ence of k on mass is reported on similar systems [90, 98, 99].  
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Figure 6: Thermal conductivity as a function of normalized density, ρnormalized, as defined by Eq. (5) for the 
cases of In-decorated screw dislocations in bulk GaN (a), pristine InxGa1-xN random alloy (b) and pristine 
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InxGa1-xN ordered alloy (c). The desired In concentration in the pristine order compounds was achieved by 
replacing Ga atoms with In ones in bulk wurtzite GaN on the energetically favorable lattice sites [80]. 
 
The phonon Density of States (DOS) plots for the cases of bulk GaN and InN, In-
decorated screw dislocations on bulk GaN and random pristine InxGa1-xN alloy, for In content, 
x=0.025, 0.05 and 0.1 and ordered pristine InxGa1-xN alloy for In content, x=0.0625, 0.125, 
0.1875 and 0.25 are shown on Figure 7. GaN phonon acoustic modes are redshifted compared 
to their respective ones in InN by 40 – 70 cm-1. Results are consistent with both experimental 
[100, 101] and theoretical [102, 103] studies of lattice dynamics for InN and GaN. The pres-
ence of In atoms in the dislocations is not so important. We observe just a redshift of the LO 
modes due to the presence of In and the appearance of some modes in the gap (~600-700 cm-
1). Random and order alloys have more broadened modes compared to the binary compounds, 
along with a small redshifting of the LO modes. For the case of ordered alloy, we observe the 
appearance of secondary peaks due to the ordering, an effect that characterizes it as a kind of 
new material. 
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Figure 7: Phonon density of states plot for bulk pristine GaN (black) and InN (red) and bulk GaN with 
screw dislocations (green) (a), In-decorated screw dislocations in bulk GaN for In content x=0 (green), 0.025 
(red), 0.05 (blue) and 0.1 (magenta) (b), random pristine InxGa1-xN alloy for x=0.025 (green), 0.05 (red) and 
0.1 (blue) (c) and ordered pristine InxGa1-xN alloy, for x=0.0625 (green), 0.125 (red), 0.1875 (blue) and 0.25 
(magenta) (d). 
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Conclusions 
In this work, Equilibrium Molecular Dynamics simulations via the Green – Kubo ap-
proach and the Stillinger – Webber interatomic potential were employed for the investigation 
of the impact of In segregation into the cores of screw dislocations in wurtzite GaN on the 
thermal properties of the InxGa1-xN alloy. This effect of the formation of effective nanowires 
in the dislocation cores is found to have a substantial impact on the material properties, as it is 
associated to a significant reduction of the thermal conductivity, compared to pristine GaN 
and InN, with the anisotropic character of k being enhanced for lower In content. Higher In 
concentration levels result to a further decrease of the total k almost by a factor of four, com-
pared to GaN, along with a reduction of the anisotropy between its in-plane and c-direction 
components. The role of In-rich screw dislocations in the reduction of the effective k becomes 
evident for In compositions equal and greater than x=0.05, as for lower In content, k is similar 
compared to the values for the case of non-decorated screw dislocations in GaN [19]. The 
same In composition, moreover, for the case of In-rich screw dislocations, presents the high-
est anisotropy compared to the rest of the cases studied in this work, as the c axis component 
is almost five times higher than the in-plane one. This effect can be associated to the poor 
stress accommodation from the bulk due to the high In content, leading to the increase of ten-
sile stress field components within the bulk. Relevant studies in silicon and diamond 
nanostructures have also verified a continuous increase of k with increasing tensile strain 
[97]. 
Regarding the case of random alloys, we observe that k appears isotropic for In composi-
tion greater than 5%. Moreover, for low In concentration in screw dislocations in GaN, k is 
higher than the InxGa1-xN random alloy. However, for In composition higher than 10%, we 
observe that decorated dislocations yield sub-alloy thermal conductivity. At this point we 
want to discuss the impact of our results for thermoelectric applications. Alloys in general 
exhibit very low thermal conductivity and to overpass the alloy limit is essential when the 
strategy of reducing k is being followed. Furthermore, in decorated dislocations systems, the 
majority of the lattice remains crystalline with a small lattice perturbation around the disloca-
tion. We could not study the electronic properties of the decorated dislocations in GaN mainly 
due to the extremely computationally expensive ab initio calculations for such density of dis-
locations, but we believe that the electronic conductivity and the Seebeck coefficient would 
be less severely impacted by the presence of dislocations than for alloy. Thus decorated dislo-
cations engineering might open up new possibilities and interesting candidates for thermoe-
lectric devices. 
 
19 
 
 
Acknowledgements 
This work was supported by computational time granted from the Greek Research & Tech-
nology Network (GRNET) in the ‘ARIS’ National HPC infrastructure under the project 
NANO2D (pr006039). Ph.K. and J.K. acknowledge the support of this work from the project 
“INNOVATION-EL” (MIS 5002772) which is implemented under the Action “Reinforce-
ment of the Research and Innovation Infrastructure,” funded by the Operational Programme 
“Competitiveness, Entrepreneurship and Innovation” (NSRF 2014-2020) and co-financed by 
Greece and the European Union (European Regional Development Fund). 
20 
 
 
References 
                                                          
[1] Nakamura, S., Pearton, S. and Fasol, G., The Blue Laser Diode. The Complete Story (2001), Meas. 
Sci. Technol. 12(6), p. 755. 
DOI: 10.1088/0957-0233/12/6/703 
[2] Jones, E. A., Wang, F. F. and Costinett, D., Review of Commercial GaN Power Devices and GaN-
Based Converter Design Challenges (2016 IEEE J EM SEL TOP P, 4(3), pp. 707-719. 
DOI: 10.1109/JESTPE.2016.2582685 
[3] Flack, T.J., Pushpakaran, B.N. and Baynev, S.B., GaN Technology for Power Electronic Applica-
tions: A Review (2016), J. Electron. Mater., 45(6), pp. 2673–2682.  
DOI: 10.1007/s11664-016-4435-3 
[4] Nakamura, S., Senoh, M., Nagahama, S., Iwasa, M., Yamada, T., Matsushita, T., Kiyoku, H. and 
Sugimoto, Y., InGaN-Based Multi-Quantum-Well-Structure Laser Diodes (1996), Jpn. J. Appl. Phys., 
35(1B), pp. L74-L76. 
DOI: 10.1143/JJAP.35L74 
[5] Okamoto, K., Niki, I., Shvartser, A. Narukawa, Y., Mukai, T. and Scherer, A., Surface-plasmon-
enhanced light emitters based on InGaN quantum wells (2004), Nat. Mater., 3, pp. 601–605. 
DOI: 10.1038/nmat1198 
[6] Chatterjee, U., Park, J.-H., Um, D.-Y., Lee, C.-R., III-nitride nanowires for solar light harvesting: A 
review (2017), Renew. Sustain. Energy Rev., 79, pp. 1002-1015. 
DOI: 10.1016/j.rser.2017.05.136 
[7] Feng, Y., Witkoske, E., Kucukgok, B., Koh, Y. R., Shakouri, A., Ferguson, I. T. and Lu, N., Ho-
mogenous InxGa1−xN alloys on ZnO substrates: A new approach for high performance thermoelectric 
materials (2019), arXiv preprint 
arXiv:1905.03769 
[8] Lester, S.D., Ponce, F.A., Craford, M.G. and Steigerwald, D.A., High dislocation densities in high 
efficiency GaN‐based light‐emitting diodes (1995), Appl. Phys. Lett., 66(10), pp. 1249-1251. 
DOI: 10.1063/1.113252 
[9] Moram, M.A., Ghedia, C.S., Rao, D.V.S., Barnard, J.S., Zhang, Y., Kappers, M.J. and Humphreys, 
C.J., On the origin of threading dislocations in GaN films (2009), J. Appl. Phys. 106(7), p. 073513.  
DOI: 10.1063/1.3225920 
[10] Komninou, P., Kehagias, T., Kioseoglou, J., Sarigiannidou, E., Karakostas, T., Nouet, G., 
Ruterana, P., Amimer, K., Mikroulis, S., Georgakilas, A. Microstructure of GaN films grown by RF-
plasma assisted molecular beam epitaxy (2001), Materials Research Society Symposium - Proceedings, 
639, pp. G3.47.1-G3.47.6. a. 
DOI: 10.1557/PROC-639-G3.47 
[11] Komninou, Ph., Kehagias, Th., Kioseoglou, J., Dimitrakopulos, G.P., Sampath, A., Moustakas, 
T.D., Nouet, G., Karakostas, Th., Interfacial and defect structures in multilayered GaN/AlN films 
(2002), J. Phys.: Condens. Matter, 14(48), pp. 13277-13283. 
21 
 
                                                                                                                                                                      
DOI: 10.1088/0953-8984/14/48/378 
[12] Kioseoglou, J., Kalesaki, E., Lymperakis, L., Neugebauer, J., Komninou, Ph. and Karakostas, Th., 
Electronic structure of 1/6<202―3> partial dislocations in wurtzite GaN (2011), J. Appl Phys., 109(8), 
p. 083511. 
DOI: 10.1063/1.3569856 
[13] Kalesaki, E., Kioseoglou, J., Lymperakis, L., Komninou, P. and Karakostas, T., Effect of edge 
threading dislocations on the electronic structure of InN (2011), Appl. Phys. Lett., 98 (7), p. 072103. 
DOI: 10.1063/1.3553772 
[14] Nakamura, S., The Roles of Structural Imperfections in InGaN-Based Blue Light-Emitting Diodes 
and Laser Diodes (1998), Science, 281(5379), pp. 956-961. 
DOI: 10.1126/science.281.5379.956 
[15] Weimann, N.G., Eastman, L.F., Doppalapudi, D., Ng, H.M. and Moustakas, T.D., Scattering of 
electrons at threading dislocations in GaN (1998), J. Appl. Phys., 83(7), pp. 3656-3659. 
DOI: 10.1063/1.366585 
[16] Cherns, D., Henley, S.J. and Ponce, F.A., Edge and screw dislocations as nonradiative centers in 
InGaN/GaN quantum well luminescence (2001), Appl. Phys. Lett., 78(18), pp. 2691-2693. 
DOI: 10.1063/1.1369610 
[17] Wu, J., When group-III nitrides go infrared: New properties and perspectives (2009), J. Appl. 
Phys., 106(1), p. 011101. 
DOI: 10.1063/1.3155798 
[18]  Hu, S., Zhang, H., Xiong, S., Zhang, H., Wang, H., Chen, Y., Volz, S., Ni, Y., Screw dislocation 
induced phonon transport suppression in SiGe superlattices (2019), Phys. Rev. B., 100(7), p. 075432. 
DOI: 10.1103/physrevb.100.075432. 
[19] Termentzidis, K., Isaiev, M., Salnikova, A., Belabbas, I., Lacroix, D. and Kioseoglou, J., Impact 
of screw and edge dislocations on the thermal conductivity of individual nanowires and bulk GaN: a 
molecular dynamics study (2018), Phys. Chem. Chem. Phys., 20, pp. 5159-5172. 
DOI: 10.1039/c7cp07821h  
[20] Ni, Y., Xiong, S., Volz, S. and Dumitrica, T., Thermal Transport Along the Dislocation Line in 
Silicon Carbide (2014), Phys. Rev. Lett., 113(12), p. 124301. 
DOI: 10.1103/PhysRevLett.113.124301 
[21] Xiong, S., Ma, J., Volz, S., and Dumitrica, T., (2014), Small, 10(9), pp. 1756–1760. 
DOI: 10.1002/smll.201302966 
[22] Al-Ghalith, J., Ni, Y. and Dumitrica, T., Nanowires with dislocations for ultralow lattice thermal 
conductivity (2016), Phys. Chem. Chem. Phys., 18, pp. 9888–9892. 
DOI: 10.1039/C6CP00630B 
[23] Wang, T., Carrete, J., Mingo, N. and Madsen, G. K. H., Phonon scattering by dislocations in GaN 
(2019), ACS Appl. Mater. Interfaces, 11(8), pp. 8175-8181. 
DOI: 10.1021/acsami.8b17525  
[24] Mion, C., Muth, J. F., Preble, E. A., and Hanser, D., Accurate dependence of gallium nitride ther-
mal conductivity on dislocation density (2006), Appl. Phys. Lett., 89(9), p. 092123.  
22 
 
                                                                                                                                                                      
DOI: 10.1063/1.2335972 
[25] Kotchetkov, D., Zou, J., Balandin, A. A., Florescu, D. I. and Pollak, F. H., Effect of dislocations 
on thermal conductivity of GaN layers (2001), Appl. Phys. Lett., 79(26), pp. 4316–4318. 
DOI: 10.1063/1.1427153 
[26] Zou, J., Kotchetkov, D., Balandin, A. A., Florescu, D. I. and Pollak, F. H., Thermal conductivity 
of GaN films: Effects of impurities and dislocations (2002), J. Appl. Phys., 92(5), pp. 2534–2539.  
DOI: 10.1063/1.1497704 
[27] Sun, B., Haunschild, G., Polanco, C., Ju, J., Lindsay, L., Koblmüller, G. and Koh, Y. K. (2018). 
Dislocation-induced thermal transport anisotropy in single-crystal group-III nitride films (2019), Nat. 
Mater., 18, pp. 136-140.  
DOI: 10.1038/s41563-018-0250-y 
[28] Ma, J., Wang, X., Huang, B. and Luo, X., Effects of point defects and dislocations on spectral 
phonon transport properties of wurtzite GaN (2013), J. Appl. Phys., 114(7), p. 074311. 
DOI: 10.1063/1.4817083 
[29] Abell, J. and Moustakas, T. D., The role of dislocations as nonradiative recombination centers in 
InGaN quantum wells (2008). Appl. Phys. Lett., 92(9), p. 091901. 
DOI: 10.1063/1.2889444 
[30] Ikuhara, Y, Nanowire design by dislocation technology (2009), Prog. Mater Sci., 54(6), pp. 770–
791.  
DOI: 10.1016/j.pmatsci.2009.03.001 
[31] Nakamura, A., Matsunaga, K., Tohma, J., Yamamoto, T. and Ikuhara, Y., Conducting nanowires 
in insulating ceramics (2003), Nature Mater., 2(7), pp. 453–456. 
DOI: 10.1038/nmat920 
[32] Szot, K., Speier, W., Bihlmayer, G. and Waser, R., Switching the electrical resistance of individu-
al dislocations in single-crystalline SrTiO3 (2006), Nature Mater., 5(4), pp. 312–320. 
DOI: 10.1038/nmat1614 
[33] Tokumoto, Y., Amma, S., Shibata, N., Mizoguchi, T., Edagawa, K., Yamamoto, T. and Ikuhara, 
Y., Fabrication of electrically conductive nanowires using high-density dislocations in AlN thin films 
(2009). J. Appl. Phys., 106(12), p. 124307. 
DOI: 10.1063/1.3270398. 
[34] Amma, S., Tokumoto, Y., Edagawa, K., Shibata, N., Mizoguchi, T., Yamamoto, T. and Ikuhara, 
Y., Electrical current flow at conductive nanowires formed in GaN thin films by a dislocation template 
technique (2010), Appl. Phys. Lett., 96(19), p. 193109.  
DOI: 10.1063/1.3429604 
[35] Kioseoglou, J., Kalesaki, E., Belabbas, I., Chen, J., Nouet, G., Kirmse, H., Neumann, W., 
Komninou, Ph. and Karakostas, T., Screw threading dislocations in AlN: Structural and electronic 
properties of In and O doped material (2011), J. Appl. Phys., 110(5), p. 053715. 
DOI: 10.1063/1.3632985 
23 
 
                                                                                                                                                                      
[36] Kioseoglou, J., Kalesaki, E., Belabbas, I., Chen, J., Nouet, G., Komninou, P. and Karakostas, T., 
Effect of doping on screw threading dislocations in AlN and their role as conductive nanowires (2012), 
Phys. Status Solidi C, 9(3-4), pp. 484–487. 
DOI: 10.1002/pssc.201100372 
[37] Fiore, N. F., & Bauer, C. L., Binding of solute atoms to dislocations (1968), Prog. Mater Sci., 13, 
pp. 85–134. 
DOI: 10.1016/0079-6425(68)90019-4 
[38] Horton, M. K., Rhode, S., Sahonta, S.-L., Kappers, M. J., Haigh, S. J., Pennycook, T. J., Hum-
phreys, C. J., Dusane, R. O. and Moram, M. A., Segregation of In to Dislocations in InGaN (2015), 
Nano Lett., 15(2), pp. 923–930.  
DOI: 10.1021/nl5036513 
[39] Lei, H., Chen, J. and Ruterana, P., Influences of the biaxial strain and c-screw dislocation on the 
clustering in InGaN alloys (2010), J. Appl. Phys., 108(10), p. 103503. 
DOI: 10.1063/1.3509147 
[40] Lei, H., Chen, J. and Ruterana, P., Role of c-screw dislocations on indium segregation in InGaN 
and InAlN alloys (2010), Appl. Phys. Lett., 96(16), p. 161901. 
DOI: 10.1063/1.3394007 
[41] Yan, Z., Liu, G., Khan, J. M. and Balandin, A. A., Graphene quilts for thermal management of 
high-power GaN transistors (2012), Nat. Commun., 3(827), pp. 1-8. 
DOI: 10.1038/ncomms1828 
[42] Roberts, N.A., Walker, D.G., A review of thermal rectification observations and models in solid 
materials (2011), Int. J. Therm. Sci., 50(5), pp. 648-662. 
DOI: 10.1016/j.ijthermalsci.2010.12.004 
[43]  Wang, L. and Li, B., Thermal Logic Gates: Computation with Phonons (2007), Phys. Rev. Lett., 
99(17), p. 177208. 
DOI: 10.1103/PhysRevLett.99.177208 
[44] Schittny, R., Kadic, M., Guenneau, S. and Wegener, M., Experiments on Transformation Thermo-
dynamics: Molding the Flow of Heat (2013), Phys. Rev. Lett., 110(19), p. 195901. 
DOI: 10.1103/PhysRevLett.110.195901 
[45] Champier, D., Thermoelectric generators: A review of applications (2017), Energ. Convers. Man-
age., 140, pp. 167-181. 
DOI: 10.1016/j.enconman.2017.02.070 
[46] Von Lukowicz, M., Abbe, E., Schmiel, T. and Tajmar, M., Thermoelectric Generators on Satel-
lites—An Approach for Waste Heat Recovery in Space (2016), Energies, 9(7), p. 541. 
DOI: 10.3390/en9070541 
[47] Kim, S. I., Lee, K. H., Mun, H. A., Kim, H. S., Hwang, S. W., Roh, J. W., Yang, D. J., Shin, W. 
H., Li, X. S., Lee, Y. H., Snyder, G. J. and Kim, S. W., Dense dislocation arrays embedded in grain 
boundaries for high-performance bulk thermoelectrics (2015), Science 348(6230), pp. 109-114. 
DOI: 10.1126/science.aaa4166 
24 
 
                                                                                                                                                                      
[48] Chen, Z., Ge, B., Li, W., Lin, S., Shen, J., Chang, Y., Hanus, R., Snyder, G. J. and Pei, Y., Vacan-
cy-induced dislocations within grains for high-performance PbSe thermoelectrics (2017), Nat. Com-
mun., 8(13828), pp. 1-8. 
DOI: 10.1038/ncomms13828 
[49] Chen, Z., Jian, Z., Li, W., Chang, Y., Ge, B., Hanus, R., Yang, J., Chen, Y., Huang, M., Snyder, 
G. J., Pei, Y., Lattice Dislocations Enhancing Thermoelectric PbTe in Addition to Band Convergence 
(2017), Adv. Mater., 29(23), p. 1606768. 
DOI: 10.1002/adma.201606768 
[50] Lu, N. and Ferguson, I., III-nitrides for energy production: photovoltaic and thermoelectric appli-
cations (2013), Semicond. Sci. Technol., 28, p. 074023. 
[51] Morkoç¸ H., Nitrides Semiconductors and Devices (Berlin: Springer) at press. 
[52] Li, W. and Balandin, A. A., Thermoelectric effects in wurtzite GaN and AlxGa1−xN alloys 
(2005), J. Appl. Phys., 97(12), p. 123705. 
DOI: 10.1063/1.1927691 
[53]  Kaiwa, N., Hoshino, M., Yaginuma, T., Izaki, R., Yamaguchi, S. and Yamamoto, A., Thermoe-
lectric properties and thermoelectric devices of free-standing GaN and epitaxial GaN layer (2007), 
Thin Solid Films, 515(10), pp. 4501-4504. 
DOI: 10.1016/j.tsf.2006.07.145 
[54] Sztein, A., Ohta, H., Sonoda, J., Ramu, A., Bowers, J. E., DenBaars, S. P. and Nakamura, S., 
GaN-Based Integrated Lateral ThermoelectricDevice for Micro-Power Generation (2009), Appl. Phys. 
Express, 2, p. 111003. 
DOI: 10.1143/APEX.2.111003 
[55] Pantha, B. N., Dahal, R., Li, J., Lin, J. Y., Jiang, H. X. and Pomrenke, G., Thermoelectric proper-
ties of alloys (2008), Appl. Phys. Lett. 92, p. 042112. 
DOI: 10.1063/1.2839309 
[56] Sztein, A., Ohta, H., Bowers, J. E., DenBaars, S. P. and Nakamura, S., High temperature thermoe-
lectric properties of optimized InGaN (2011), J. Appl. Phys., 110(12), p. 123709. 
DOI: 10.1063/1.3670966 
[57]  Kucukgok, B., Wu, X., Wang, X., Liu, Z., Ferguson, I. T. and Lu, N., The structural properties of 
InGaN alloys and the interdependence on thethermoelectric behavior (2016), AIP Advances, 6(2), p. 
025305. 
[58] Surender, S., Pradeep, S., Prabakaran, K., Sumithra, S. M., Shubra Singh, Baskar, K., The role of 
indium composition on thermo-electric properties of InGaN/GaN heterostructures grown by MOCVD 
(2018), J. Alloys Compd., 734, pp. 48-54. 
DOI: 10.1016/j.jallcom.2017.10.293 
[59] Tong, T., Fu, D., Levander, A. X., Schaff, W. J., Pantha, B. N., Lu, N., Liu, B., Ferguson, I., 
Zhang, R., Lin, J. Y., Jiang, H. X., Wu, J. and Cahill, D. G., Suppression of thermal conductivity in 
InxGa1−xN alloys by nanometer-scale disorder (2013), Appl. Phys. Lett., 102(12), p. 121906. 
DOI: 10.1063/1.4798838 
25 
 
                                                                                                                                                                      
[60] Klemens, P. G. The scattering of low-frequency lattice waves by static imperfections (1955), Proc. 
Phys. Soc. A, 68, pp. 1113–1128. 
DOI: 10.1088/0370-1298/68/12/303 
[61] Carruthers, P. Scattering of phonons by elastic strain fields and the thermal resistance of disloca-
tions (1959). Phys. Rev., 114(4), pp. 995–1001. 
DOI: 10.1103/PhysRev.114.995 
[62] Kneeze, G. A. & Granato, A. V. Effect of independent and coupled vibrations of dislocations on 
low-temperature thermal conductivity in alkali halides (1982), Phys. Rev. B 25(4), pp. 2851–2866. 
DOI: 10.1103/PhysRevB.25.2851 
[63] Li, M., Ding, Z., Meng, Q., Zhou, J., Zhu, Y., Liu, H., Dresselhaus, M. S., Chen, G., Nonperturba-
tive Quantum Nature of the Dislocation–Phonon Interaction (2017), Nano Lett. 17(3), pp. 1587-1594. 
DOI: 10.1021/acs.nanolett.6b04756 
[64] Northrop, G. A., Cotts, E. J., Anderson, A. C., and Wolfe, J. P., Anisotropic phonon-dislocation 
scattering in deformed LiF, (1983), Phys. Rev. B, 27(10), p. 6395−6408. 
DOI: 10.1103/PhysRevB.27.6395 
[65]  Cotts, E. J., Miliotis, D. M. and Anderson, A. C., Thermal transport in deformed lithium fluoride 
(1981), Phys. Rev. B 24(12), p. 7336−7341. 
DOI: 10.1103/PhysRevB.24.7336 
[66] Li, M., Cui, W., Dresselhaus, M. S., Chen, G., Canonical quantization of crystal dislocation and 
electron-dislocation scattering in an isotropic medium (2017), New J. Phys., 19, p. 013033. 
DOI: 10.1088/1367-2630/aa5710 
[67] Lindsay, L., Hu, C., Ruan, X.L. and Leede, S., Survey of ab initio phonon thermal transport 
(2018), Mater. Today Phys., 7, pp. 106-120. 
DOI: 10.1016/j.mtphys.2018.11.008 
[68] Wang, T., Carrete, J., van Roekeghem, A., Mingo, N. and Madsen, G. K. H., Ab initio phonon 
scattering by dislocations (2017), Phys. Rev. B, 95(24), p. 245304. 
DOI: 10.1103/PhysRevB.95.245304 
[69] Broido, D. A., Intrinsic lattice thermal conductivity of semiconductors from first principles (2007), 
Appl. Phys. Lett. 91(23), p. 231922. 
DOI: 10.1063/1.2822891 
[70] Arrigoni, M., Carrete, J., Mingo, N. and Madsen, G. K. H., First-principles quantitative prediction 
of the lattice thermal conductivity in random semiconductor alloys: The role of force-constant disorder 
(2018), Phys. Rev. B, 98(11), p. 115205. 
DOI: 10.1103/PhysRevB.98.115205 
[71] McGaughey, A. J. H. and Kaviany, M., Phonon Transport in Molecular Dynamics Simulations: 
Formulation and Thermal Conductivity Prediction (2006), Adv Heat Transfer, 39, pp. 169-255. 
DOI: 10.1016/S0065-2717(06)39002-8 
[72] Khadem, M. H. and Wemhoff, A. P., Comparison of Green–Kubo and NEMD heat flux formula-
tions for thermal conductivity prediction using the Tersoff potential (2013), Comput. Mater. Sci., 69, 
pp. 428–434. 
26 
 
                                                                                                                                                                      
DOI: 10.1016/j.commatsci.2012.12.016 
[73]  Kawamura, T., Kangawa, Y. and Kakimoto, K., Molecular dynamics simulation of thermal con-
ductivity of GaN/AlN quantum dot superlattices (2007), Phys. Status Solidi (c), 4(7), pp. 2289-2292. 
DOI: 10.1002/pssc.200674784 
[74] Zhou, X. W., Aubry, S., Jones, R. E., Greenstein, A. and Schelling, P. K., Towards More Accurate 
Molecular Dynamics Calculation of Thermal Conductivity. Case Study: GaN Bulk Crystals (2012), 
Phys. Rev. B, 79, p. 115201. 
DOI: 10.1103/PhysRevB.79.115201 
[75] Z. Wang and X. Zu, Atomistic simulation of the size and orientation dependences of thermal con-
ductivity in GaN nanowires (2007), Appl. Phys. Lett., 90, p. 161923. 
DOI: 10.1063/1.2730747 
[76] Belabbas, I., Akli Belkhir, M., Lee, Y. H., Béré, A., Ruterana, P., Chen and J., Nouet, G., Atomic 
structure and energy of threading screw dislocations in wurtzite GaN (2005), Phys. Status Solidi C, 
2(7), pp. 2492-2495. 
DOI: 10.1002/pssc.200461368 
[77]  Belabbas, I., Belkhir, M.A., Lee, Y.H., Chen, J., Béré, A., Ruterana, P. and Nouet, G., Local elec-
tronic structure of threading screw dislocation in wurtzite GaN (2006), Comput. Mater. Sci, 37(3), pp. 
410-416. 
DOI: 10.1016/j.commatsci.2005.11.002 
[78] Belabbas, I., Chen, J. and Nouet, G., A new atomistic model for the threading screw dislocation 
core in wurtzite GaN (2012), Comput. Mater. Sci, 51(1), pp. 206-216. 
DOI: 10.1016/j.commatsci.2011.07.051 
[79] Hirth, J.P. and Lothe, J., Theory of Dislocations, 2nd ed (Krieger Pub. Co, 1982). 
[80] Pavloudis, T., Kioseoglou, J., Karakostas, T. and Komninou, P., Ordered structures in III-Nitride 
ternary alloys (2016), Comput. Mater. Sci., 118, pp. 22–31. 
DOI: 10.1016/j.commatsci.2016.02.036   
[81] Kioseoglou, J., Kalesaki, E., Lymperakis, L., Dimitrakopulos, G.P., Komninou, Ph. and Karako-
stas, Th., Polar AlN/GaN interfaces: Structures and energetics (2009) Phys. Status Solidi A, 206 (8), 
pp. 1892-1897. 
DOI: 10.1002/pssa.200881436 
[82] Kioseoglou, J., Kalessaki, E., Dimitrakopulos, G.P., Komninou, Ph. and Karakostas, Th., Study of 
InN/GaN interfaces using molecular dynamics (2008), J. Mater. Sci., 43(11), pp. 3982-3988. 
DOI: 10.1007/s10853-007-2235-0 
[83] Kioseoglou, J., Komninou, Ph. and Karakostas, Th., Core models of a-edge threading dislocations 
in wurtzite III(Al, Ga, In)-nitrides (2009), Phys. Status Solidi A, 206 (8), pp. 1931-1935. 
DOI: 10.1002/pssa.200881435 
[84] J. Tersoff, Phys. Rev. B, vol. 39, no. 8, pp. 5566–5568, 1989. 
[85] F. H. Stillinger and T. A. Weber, Phys. Rev. B, 1985, 31, 5262–5271. 
[86] Kioseoglou, J., Dimitrakopulos, G., Komninou, P. and Karakostas, T., Atomic structures and en-
ergies of partial dislocations in wurtzite GaN (2004), Phys. Rev. B: Condens. Matter, 70(3).  
27 
 
                                                                                                                                                                      
DOI: 10.1103/physrevb.70.035309 
[87] Plimpton, S., Fast parallel algorithms for short-range molecular dynamics (1995), J. Comput. 
Phys., 117(1), pp. 1-19. 
DOI: 10.1006/jcph.1995.1039  
[88] Lei, H., Chen, J., Jiang, X. and Nouet, G., Microstructure analysis in strained-InGaN/GaN multi-
ple quantum wells (2009), Microelectron. J., 40(2), pp. 342−345. 
DOI: 10.1016/j.mejo.2008.07.068 
[89] Thompson, A. P., Plimpton, S. J. and Mattson, W., General formulation of pressure and stress ten-
sor for arbitrary many-body interaction potentials under periodic boundary conditions (2009), J. Chem. 
Phys., 131(15), p. 154107. 
DOI: 10.1063/1.3245303 
[90] Slack, G., Nonmetallic crystals with high thermal conductivity (1973), J. Phys. Chem. Solids 
34(2), pp.  321-335. 
DOI: 10.1016/0022-3697(73)90092-9 
[91] Sztein, A., Haberstroh, J., Bowers, J. E., DenBaars, S. P. and Nakamura, S., Calculated thermoe-
lectric properties of InxGa1−xN, InxAl1−xN, and AlxGa1−xN (2013), J. Appl. Phys., 113(18), p. 
183707. DOI: 10.1063/1.4804174 
[92] Kim, K., Lambrecht, W.R.L. and Segall, B., Elastic constants and related properties of tetrahedral-
ly bonded BN, AlN, GaN, and InN (1996), Phys. Rev. B, 53(24), p. 16310. 
DOI: 10.1103/PhysRevB.53.16310 
[93] Kandalam, A. K., Pandey, R., Blanco, M. A., Costales, A., Recio, J. M. and Newsam, J. M., First 
Principles Study of Polyatomic Clusters of AlN, GaN, and InN. 1. Structure, Stability, Vibrations, and 
Ionization (2000), J. Phys. Chem. B, 104(18), pp. 4361-4367. 
DOI: 10.1021/jp994308s 
[94] Paszkowicz, W., X-ray powder diffraction data for indium nitride (1999), Powder Diffr., 14(4), 
pp. 258-260. 
DOI: 10.1017/S0885715600010630 
[95] Leszczynski, M., Teisseyre, H., Suski, T., Grzegory, I., Bockowski, M., Jun, J., Porowski, S., 
Pakula, K., Baranowski, J. M., Foxon, C. T. and Cheng, T. S., Lattice parameters of gallium nitride 
(1996), Appl. Phys. Lett., 69(1), pp. 73-75. 
DOI:  10.1063/1.118123  
[96] Mei, S. and Knezevic, I., Thermal conductivity of ternary III-V semiconductor alloys: The role of 
mass difference and long-range order (2018), J. Appl. Phys., 123(12), p. 125103. 
DOI: 10.1063/1.5008262 
[97] Li, X., Maute, K., Dunn, M. L. and Yang, R.,   Strain effects on the thermal conductivity of 
nanostructures (2010), Phys. Rev. B, 81(24), p.245318 
DOI: 10.1103/PhysRevB.81.245318 
[98] Pedrielli, A., Taioli, S., Garberoglio, G. and Pugno, N. M., Mechanical and thermal properties of 
graphene random nanofoams via Molecular Dynamics simulations (2018), Carbon, 132, pp. 766-775. 
DOI: 10.1016/j.carbon.2018.02.081 
28 
 
                                                                                                                                                                      
[99] Lakatos, Á. and Kalmár, Investigation of thickness and density dependence of thermal conductivi-
ty of expanded polystyrene insulation materials (2013), F. Mater. Struct., 46(7), pp. 1101-1105. 
DOI: 10.1617/s11527-012-9956-5 
[100] Qian, Z. G., Shen, W. Z., Ogawa, H. and Guo, Q. X., Experimental studies of lattice dynamical 
properties in indium nitride (2004), J. Phys.: Condens. Matter, 16(12), pp. R381–R414. 
DOI: 10.1088/0953-8984/16/12/r01 
[101] Nipko, J. C., Loong, C.-K., Balkas, C. M. and Davis, R. F., Phonon density of states of bulk gal-
lium nitride (1998), Appl. Phys. Lett., 73(1), pp. 34–36. 
DOI: 10.1063/1.121714 
[102] Bechstedt, F., Grossner, U. and Furthmüller, J., Dynamics and polarization of group-III nitride 
lattices: A first-principles study (2000), Phys. Rev. B: Condens. Matter, 62(12), pp. 8003–8011. 
DOI: 10.1103/physrevb.62.8003 
[103] Grille, H., Schnittler, C. and Bechstedt, F., Phonons in ternary group-III nitride alloys (2000), 
Phys. Rev. B: Condens. Matter, 61(9), pp. 6091–6105. 
DOI:10.1103/physrevb.61.6091 
